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SPECIFICATION 

TITLE OF THE INVENTION 
MULTISTAGE AMPLIFIER 

5 

This application is the national phase under 35 U.S.C. § 371 of PCT 
International Application No. PCT/ JP00/00682 which has an 
International filing date of February 8, 2000, which designated the 
United States of America and was not published in English. 

10 

TECHNICAL FIELD 

The present invention relates to a multistage amplifier in which 
an input signal is amplified stage by stage and is output. 

15 BACKGROUND ART 

In a multistage amplifier using a type of semiconductor devices such 
as field effect transistors (FETs) , bipolar junction transistors 
(BJTs) or hetero junction bipolar transistors (HBTs) , an input 
matching circuit placed on an input side, an output matching circuit 

2 0 placed on an output side and an inter-stage matching circuit placed 
between the input matching circuit and the output matching circuit 
are generally arranged so as to bring out the performance of the type 
of semiconductor devices . 
For example, Fig. 1 is a view of an equivalent circuit of a 

2 5 conventional multistage amplifier disclosed in * Technical Report of 

the Institute of Electronics, Information and Communication Engineers 
(IEICE), MW95-73", published in July of 1995. In Fig. 1, 1 indicates 
an input terminal for receiving a signal. 2 indicates an output 
terminal for outputting an amplified signal. 3 indicates a front - 

3 0 stage amplifying element for amplifying the signal received in the 
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input terminal 1. 4 indicates a rear-stage amplifying element for 
amplifying the signal amplified in the front-stage amplifying element 
3. 

5 indicates an input matching circuit of the conventional multistage 
5 amplifier. 6 indicates an inter-stage matching circuit for performing 
an impedance matching between the front-stage amplifying element 3 
and the rear-stage amplifying element 4. 7 indicates a bias circuit. 
8 indicates an output matching circuit of the conventional multistage 
amplifier. 9 indicates a short stub for bias supply. 10 indicates a 
10 parallel capacitor. 11 indicates a serial line. 12 indicates a serial 
capacitor. 

Here, each of the front-stage amplifying element 3 and the rear-stage 
amplifying element 4 is composed of an FET, a BJT, a metal oxide 
semiconductor field effect transistor (MOSFET) , a high electron 
15 mobility transistor (HEMT) or an HBT. 

Next, an operation will be described below. 

When a signal is received in the input terminal 1, the signal is 
sent to the front-stage amplifying element 3 through the input matching 
circuit 5, and the signal is amplified in the front-stage amplifying 
2 0 element 3. 

Thereafter, the signal amplified in the front-stage amplifying 
element 3 is sent to the rear-stage amplifying element 4 through the 
inter-stage matching circuit 6 and the bias circuit 7, and the signal 
is amplified in the rear-stage amplifying element 4. 

2 5 Thereafter, the signal amplified in the rear-stage amplifying 

element 4 is output from the output terminal 2 through the output 
matching circuit 8 . 

Here, a function of the inter-stage matching circuit 6 will be 
described below. 

3 0 In the inter-stage matching circuit 6, an impedance matching is 
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performed on a certain reference plane between the front-stage 
amplifying element 3 and the rear-stage amplifying element 4 so as 
to make a pair of impedances conjugate to each other on both sides 
of the reference plane. Fig* 2 is an explanatory view showing a general 
5 example of matching conditions between the front-stage amplifying 
element 3 and the rear-stage amplifying element 4 of the conventional 
multistage amplifier * 
As shown in Fig. 2, an output impedance of the front-stage amplifying 

element 3 is expressed by Sy^i/ an impedance (that is, an output load 
10 impedance of the front-stage amplifying element 3) on an output side 
seen from the front-stage amplifying element 3 is expressed by F out , 
an input impedance of the rear-stage amplifying element 4 is expressed 

by Sxjpet, an impedance (that is, an input source impedance of the 
rear-stage amplifying element 4) on an input side seen from the 

15 rear-stage amplifying element 4 is expressed by F in . 

In cases where a small signal operation is performed in the 
conventional multistage amplifier, an optimum output load impedance 
r op t_out of the front-stage amplifying element 3 agrees with a conjugate 
complex impedance S Y _jrE T * of the output impedance S Y _ FET of the 

2 0 front-stage amplifying element 3, and an optimum input source 

impedance r opt _ in of the rear-stage amplifying element 4 agrees with 
a conjugate complex impedance S^^* of the input impedance S X __ FET of 
the rear-stage amplifying element 4, 
Therefore, in cases where a conjugate complex impedance matching 

2 5 is performed at an output terminal X of the front-stage amplifying 

element 3, as shown in Fig. 2(b), the inter-stage matching circuit 
6 is designed so as to perform an impedance transformation from the 
input impedance of the rear-stage amplifying element 4 to the 

conjugate complex impedance S x _ m * (=r opt _ out ) of the output impedance 

3 0 Syj^ of the front-stage amplifying element 3. 
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Also, in cases where a conjugate complex impedance matching is 
performed at an input terminal Y of the rear-stage amplifying element 
4, as shown in Fig. 2 (c) , the inter-stage matching circuit 6 is designed 
so as to perform an impedance transformation from the output impedance 
5 S Y FET of the front-stage amplifying element 3 to the conjugate complex 
impedance Sx^t* (=r opt _ in )of the input impedance S X __ FET of the rear-stage 
amplifying element 4 . 

Therefore, in cases where no loss occurs in the inter-stage matching 
circuit 6, when the conjugate complex impedance matching is performed 
10 at the output terminal X of the front-stage amplifying element 3, the 
conjugate complex impedance matching can be performed at the input 
terminal Y of the rear-stage amplifying element 4 simultaneously with 
the conjugate complex impedance matching at the output terminal X. 
However, a level of the input signal transmitted through the 
15 multistage amplifier induces the conventional multistage amplifier 
to perform a large signal operation in a final-stage amplifying element 
or an amplifying element just before the final-stage amplifying 
element of the conventional multistage amplifier in place of the small 
signal operation. 

2 0 In this case, the output impedance S Y _ FET of the front-stage amplifying 
element 3 and the input impedance S x _^ of the rear-stage amplifying 
element 4 in the large signal operation of the conventional multistage 
amplifier differ from those in the small signal operation, and optimum 
impedances, which maximize an efficiency of the conventional 

2 5 multistage amplifier, differ from the input and output impedances 

S x __fet an d 3^^. Therefore, in the large signal operation, the optimum 
output load impedance r opt __ out of the front-stage amplifying element 3 
differs from the conjugate complex impedance S Y _ FET * of the output 
impedance S^^t of the front-stage amplifying element 3, and the optimum 

3 0 input source impedance r opt _ in of the rear-stage amplifying element 4 
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differs from the conjugate complex impedance S x _jp ET * of the input 
impedance S^_ m of the rear-stage amplifying element 4. 

Therefore, in cases where a conjugate complex impedance matching 
is performed at the output terminal X of the front-stage amplifying 
5 element 3, as shown in Fig. 2(b), the inter-stage matching circuit 
6 is designed so as to perform an impedance transformation from the 
input impedance of the rear-stage amplifying element 4 to the 

optimum output load impedance r opt _ out (^S Y _ FET *) of the front-stage 
amplifying element 3. Also, in cases where a conjugate complex 

10 impedance matching is performed at the input terminal Y of the 

rear-stage amplifying element 4, as shown in Fig* 2 (c) , the inter-stage 
matching circuit 6 is designed so as to perform an impedance 
transformation from the output impedance S Y _ FET of the front-stage 
amplifying element 3 to the optimum input source impedance r opt _ in 

15 S x _ reT *) of the rear-stage amplifying element 4. 

In this case, it is impossible for the inter-stage matching circuit 
6 to perform the conjugate complex impedance matching at the output 
terminal X of the front-stage amplifying element 3 simultaneously with 
the conjugate complex impedance matching at the input terminal Y of 

2 0 the rear-stage amplifying element 4. 

Because the conventional multistage amplifier has the above 
described configuration, it is impossible to perform the matching of 
the output load impedance F^t of the front-stage amplifying element 
3 with the optimum output load impedance P opt _ out simultaneously with 

2 5 the matching of the input source impedance F in of the rear-stage 

amplifying element 4 with the optimum input source impedance r opt _ in . 
Therefore, a problem has arisen that an efficiency of the whole 
conventional multistage amplifier is lowered. 
The present invention is provided to solve the above-described 

3 0 problem, and the object of the present invention is to provide a 
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multistage amplifier in which an output load impedance of a front-stage 
amplifying element and an input source impedance of a rear-stage 
amplifying element are simultaneously matched with optimum impedances 
respectively. 

5 

DISCLOSURE OF THE INVENTION 

A multistage amplifier according to the present invention has a 
matching circuit comprising a one-stage high pass filter type matching 
unit and a one-stage low pass filter type matching unit serially 

10 connected with the one-stage high pass filter type matching unit. 
Therefore, because an output load impedance of a front-stage 
amplifying element and an input source impedance of a rear-stage 
amplifying element can be matched with the optimum impedances 
respectively, an efficiency of the whole multistage amplifier can be 

15 heightened. 

In the multistage amplifier according to the present invention, the 
matching circuit arranged between the final-stage amplifying element 
and the amplifying element placed just before the final-stage 
amplifying element comprises the one-stage high pass filter type 
2 0 matching unit and the one-stage low pass filter type matching unit 
serially connected with each other. 
Therefore, a small-sized multistage amplifier can be obtained* 
In the multistage amplifier according to the present invention, the 
one-stage high pass filter type matching unit is placed on an input 

2 5 side of the input signal, and the one-stage low pass filter type 

matching unit is placed on an output side of the amplified signal. 

Therefore, an output load impedance of a front-stage amplifying 
element and an input source impedance of a rear-stage amplifying 
element can be matched with the optimum impedances respectively. 

3 0 In the multistage amplifier according to the present invention, the 
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one-stage low pass filter type matching unit is placed on an input 
side of the input signal, and the one-stage high pass filter type 
matching unit is placed on an output side of the amplified signal. 

Therefore, an output load impedance of a front-stage amplifying 
5 element and an input source impedance of a rear-stage amplifying 
element can be matched with the optimum impedances respectively. 

In the multistage amplifier according to the present invention, the 
one-stage high pass filter type matching unit comprises a parallel 
inductor and a serial capacitor. 
10 Therefore, a small-sized one-stage high pass filter type matching 
unit can be obtained. 

In the multistage amplifier according to the present invention, a 
bias supply short stub having a length equal to or shorter than 1/4 
of a wavelength of the input signal is used as the parallel inductor. 
15 Therefore, because the bias supply short stub can be used as a bias 
supply line on an output side of the front-stage amplifying element, 
a small-sized multistage amplifier can be obtained. 

In the multistage amplifier according to the present invention, the 
one-stage low pass filter type matching unit comprises a parallel 
2 0 capacitor and a serial inductor. 

Therefore, a small-sized one-stage low pass filter type matching 
unit can be obtained. 

In the multistage amplifier according to the present invention, a 
serial line is used as the serial inductor. 

2 5 Therefore, a small-sized one-stage low pass filter type matching 

unit can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view of an equivalent circuit of a conventional multistage 

3 0 amplifier. 
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Fig. 2 is an explanatory view showing a general example of matching 
conditions between a front-stage amplifying element and a rear-stage 
amplifying element of the conventional multistage amplifier. 

Fig, 3 is a view of an equivalent circuit of a multistage amplifier 
5 according to a first embodiment of the present invention. 

Fig. 4 is an explanatory view showing an optimum output load impedance 
of a front-stage amplifying element and an optimum input source 
impedance of a rear-stage amplifying element. 

Fig. 5 is an explanatory view showing impedances between a 
10 front-stage amplifying element and a rear-stage amplifying element 
in cases where an inter-stage matching circuit comprises a one-stage 
high pass filter type matching unit and a one-stage low pass filter 
type matching unit. 

Fig. 6 is a view of an equivalent circuit of a multistage amplifier 
15 according to a second embodiment of the present invention. 

Fig. 7 is an explanatory view showing impedances in an inter-stage 
matching circuit in cases where the inter-stage matching circuit 
comprises a one-stage low pass filter type matching unit and a 
one-stage high pass filter type matching unit. 
2 0 Fig. 8 is a view of an equivalent circuit of a multistage amplifier 
according to a third embodiment of the present invention. 

Fig. 9 is a view of an equivalent circuit of a multistage amplifier 
according to a fourth embodiment of the present invention. 

2 5 BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the best mode for carrying out the present invention 
will now be described with reference to the accompanying drawings to 
explain the present invention in more detail. 
EMBODIMENT 1 

3 0 Fig. 3 is a view of an equivalent circuit of a multistage amplifier 
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according to a first embodiment of the present invention. 
In Fig. 3, 21 indicates an input terminal for receiving a signal, 

22 indicates an output terminal for outputting an amplified signal. 

23 indicates a front-stage amplifying element for amplifying the 

5 signal received in the input terminal 21. 24 indicates a rear-stage 
amplifying element for amplifying the signal amplified in the 
front-stage amplifying element 23. 

25 indicates an input matching circuit of the multistage amplifier. 
26 indicates an inter-stage matching circuit for performing an 

10 impedance matching between the front-stage amplifying element 23 and 
the rear-stage amplifying element 24. 27 indicates an output matching 
circuit of the multistage amplifier. 28 indicates a one-stage high 
pass filter type matching unit of the inter-stage matching circuit 
26. 29 indicates a one-stage low pass filter type matching unit of 

15 the inter- stage matching circuit 26. 

31 indicates a parallel inductor of the one-stage high pass filter 
type matching unit 28. 32 indicates a serial capacitor of the one-stage 
high pass filter type matching unit 28 . 33 indicates a parallel 
capacitor of the one-stage low pass filter type matching unit 29. 34 

2 0 indicates a serial inductor of the one-stage low pass filter type 
matching unit 29. 

Here, each of the front-stage amplifying element 23 and the 
rear-stage amplifying element 24 is composed of an FET, aBJT, anMOSFET, 
an HEMT or an HBT. 

2 5 Next, an operation of the multistage amplifier will be described 

below. 

When a signal is received in the input terminal 21, the signal is 
sent to the front-stage amplifying element 23 through the input 
matching circuit 25, and the signal is amplified in the front-stage 

3 0 amplifying element 23. 
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Thereafter, the signal amplified in the front-stage amplifying 
element 23 is sent to the rear-stage amplifying element 24 through 
the inter-stage matching circuit 26 comprising the one-stage high pass 
filter type matching unit 28 and the one-stage low pass filter type 
5 matching unit 29, and the signal is amplified in the rear-stage 
amplifying element 24. 

Thereafter, the signal amplified in the rear-stage amplifying 
element 24 is output from the output terminal 22 through the output 
matching circuit 27. 

10 Here, a high electron mobility transistor (HEMT) element having a 
gate width of 5. 8 mm is, for example, used as the front-stage amplifying 
element 23, an optimum output load impedance r opt __ out of the HEMT element 
and a conjugate complex impedance S^^* of an output impedance of the 
HEMT element are shown in Fig. 4 (a) . 

15 Also, a high electron mobility transistor (HEMT) element having a 
gate width of 17 ,5 mm is, for example, used as the rear-stage amplifying 
element 24, an optimum input source impedance r opt _ in of the HEMT element 
and a conjugate complex impedance of an input impedance of the 

HEMT element are shown in Fig. 4(b) . 

2 0 Bias conditions for the HEMT elements are Class-AB together. In this 
case, the gate width of the front-stage amplifying element 23 is equal 
to or lower than a half of the gate width of the rear-stage amplifying 
element 24. 

The optimum input source impedance r opt _ in of the rear-stage amplifying 

2 5 element 24 (the HEMT element of the gate width of 17 .5 mm) corresponds 

to an impedance, at which a maximum efficiency is obtained in the 
multistage amplifier, in cases where a prescribed distortion 
condition is satisfied at an output electric power level of almost 
3 dB in back off, and the optimum input source impedance r opt _ in is 

3 0 determined by performing load-pull and source-pull measurements. 
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The optimum output load impedance r opt _ out of the front-stage 
amplifying element 23 (the HEMT element of the gate width of 5.8 mm) 
is determined by examining various combinations of characteristics 
of the front-stage amplifying element 23 and the rear-stage amplifying 
5 element 24 according to both a result of load-pull and source-pull 
measurements for the HEMT element of the gate width of 5.8 mm and the 
result of the load-pull and source-pull measurements for the HEMT 
element of the gate width of 17.5 mm, determining a specific 
combination of characteristics of the front-stage amplifying element 

10 23 and the rear-stage amplifying element 24 on condition that a maximum 
efficiency in the multistage amplifier is obtained in cases where a 
prescribed distortion condition is satisfied as a two-stage amplifier 
at an output electric power level of almost 3 dB in back off and adopting 
an output load impedance of the front-stage amplifying element 23 

15 determined in the specific combination as the optimum output load 
impedance r opt __ out . 

As shown in Fig. 4 (a) , a real part of the optimum output load impedance 
r op t_out of the front-stage amplifying element 23 (the HEMT element of 
the gate width of 5.8 mm) is moved toward a low impedance direction 
2 0 as compared with the conjugate complex impedance S y _ FET * of the output 
impedance of the front-stage amplifying element 23, and an imaginary 
part of the optimum output load impedance r opt _ out of the front-stage 
amplifying element 23 is moved toward an inductive direction as 

compared with the conjugate complex impedance S Y _ FET ^ of the output 

2 5 impedance of the front-stage amplifying element 23. 

Also, as shown in Fig. 4 (b) , a real part of the optimum input source 
impedance r opt _ in of the rear-stage amplifying element 24 (the HEMT 
element of the gate width of 17.5 mm) is moved toward a high impedance 

direction as compared with the conjugate complex impedance S X __ FET * of 

3 0 the input impedance of the rear-stage amplifying element 24, and an 
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imaginary part of the optimum input source impedance r opt _ in of the 
rear-stage amplifying element 24 is moved toward an inductive 

direction as compared with the conjugate complex impedance S X __ FET * of 
the input impedance of the rear-stage amplifying element 24. 
5 Next, an output load impedance T out of the front-stage amplifying 
element 23 and an input source impedance r in of the rear- stage 
amplifying element 24 are shown in Fig. 5 in cases where the inter-stage 
matching circuit 2 6 comprising the one-stage high pass filter type 
matching unit 28 and the one-stage low pass filter type matching unit 
10 29 is used for the multistage amplifier. 

In Fig. 5 (a) and Fig. 5(b), impedances designated by symbols ♦ 
indicate the conjugate complex impedance S Y _ FET * of the output impedance 
of the front-stage amplifying element 23 and the conjugate complex 

impedance Sj^jet* of the input impedance of the rear-stage amplifying 
15 element 24 respectively, an area enclosed by a dotted circle in Fig. 
5 (a) indicates a neighboring area of the optimum output load impedance 
r opt _ out shown in Fig. 4(a), and an area enclosed by a dotted circle 
in Fig. 5(b) indicates a neighboring area of the optimum input source 

impedance r opt _ in shown in Fig. 4(b) . 
2 0 Here, in cases where the inter-stage matching circuit 26 comprising 
the one-stage high pass filter type matching unit 28 and the one- 
stage low pass filter type matching unit 29 is used for the multistage 
amplifier, the output load impedance r out of the front-stage amplifying 
element 23 is examined when the input source impedance r in of the 

2 5 rear-stage amplifying element 24 is matched with an impedance 

differing from the conjugate complex impedance S X __ FET * of the input 
impedance of the rear-stage amplifying element 24. 

For example, in cases where the inter-stage matching circuit 26 is 
arranged in the multistage amplifier so as to match the input source 

3 0 impedance r in of the rear-stage amplifying element 24 with an impedance 
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indicated by an X 'A" symbol # of Fig. 5 (b) , the output load impedance 
F out of the front-stage amplifying element 23 is set to an impedance 
indicated by an *A" symbol • of Fig. 5(a) . 
Also, in the same manner as the example of the impedance indicated 

5 by the *A" symbol •, the output load impedance F out of the front-stage 
amplifying element 23 is set to an impedance indicated by each of the 
*B" to *H" symbols • of Fig. 5(a) when the input source impedance 
T in of the rear-stage amplifying element 24 is matched with an impedance 
indicated by the corresponding symbol • of Fig. 5(b) . 

10 As is described above, when the input source impedance T in of the 
rear-stage amplifying element 24 is matched with the impedance of each 
of the *A" to *H" symbols • placed on a circle in Fig. 5 (b) , the output 
load impedance F out of the front-stage amplifying element 23 is set 
to the impedance of the corresponding symbol selected from the *A" 

15 to ^ET symbols • placed on a circle in Fig. 5(a) . In particular, in 
case of the impedance of the *B" symbol •, as shown in Fig. 5(a) and 
Fig, 5 (b) , the input source impedance T in of the rear-stage amplifying 
element 24 is placed in the neighboring area of the optimum input source 
impedance r opt _ in of the rear- stage amplifying element 24, and the output 

2 0 load impedance r out of the front-stage amplifying element 23 is placed 
in the neighboring area of the optimum output load impedance 

r opt __ out of the front-stage amplifying element 23. 

Accordingly, in cases where the inter-stage matching circuit 26 
comprises the one-stage high pass filter type matching unit 28 and 

2 5 the one-stage low pass filter type matching unit 29, the output load 

impedance r out of the front-stage amplifying element 23 can almost agree 
with the optimum output load impedance r opt _ out , and the input source 
impedance F in of the rear-stage amplifying element 24 can almost agree 
with the optimum input source impedance r opt __ in . 

3 0 Therefore, because an inter-stage matching condition of the 
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multistage amplifier can be further optimized, the efficiency of the 
whole multistage amplifier can be heightened. 

Here, assuming that the inter-stage matching circuit 26 has only 
a one-stage low pass filter type matching unit, a one-stage high pass 
5 filter type matching unit, a two-stage low pass filter type matching 
unit or a two-stage high pass filter type matching unit, even though 
the inter-stage matching circuit 26 is arranged in the multistage 
amplifier so as to match the input source impedance r in of the rear-stage 
amplifying element 24 with the impedance of the ^B" symbol • placed 
10 in the neighboring area of the optimum input source impedance 

r opt __ in , the output load impedance r out of the front-stage amplifying 
element 23 is set to an impedance considerably differing from the 

impedance of the symbol • shown in Fig. 5(a) . Therefore, the output 
load impedance r out of the front-stage amplifying element 23 cannot 
15 agree with the optimum output load impedance r opt _ out . Also, in the same 
manner, the input source impedance r in of the rear-stage amplifying 
element 24 cannot agree with the optimum input source impedance 
r 

A opt in * 

In case of the prior art shown in Fig. 1, to exert no influence of 
2 0 the short tub 9 or the serial capacitor 12 on the impedances at an 
operation frequency of the input signal, the short tub 9 for bias supply 
has a length near to 1/4 of a wavelength of the input signal, and the 
serial capacitor 12 has a sufficiently high capacitance. Therefore, 
the inter-stage matching circuit 6 substantially composed of the 

2 5 parallel capacitor 10 and the serial line 11 functions as one-stage 

low pass filter type matching unit. Accordingly, the output load 
impedance F out of the front-stage amplifying element 3 cannot agree 
with the optimum output load impedance r opt __ out , and the input source 
impedance r in of the rear-stage amplifying element 4 cannot agree with 

3 0 the optimum input source impedance r opt __ in » 
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In the first embodiment , the multistage amplifier corresponding to 
two stages (the front-stage amplifying element 23 and the rear-stage 
amplifying element 24) is described. However, it is applicable that 
the multistage amplifier have three stages or more. In case of the 
5 multistage amplifier having three stages or more, an inter-stage 
matching circuit 26 (hereinafter, called a final inter-stage matching 
circuit) between an amplifying element of a final stage and an 
amplifying element of a stage just before the final stage comprises 
the one-stage high pass filter type matching unit 28 and the one- 

10 stage low pass filter type matching unit 29. In this case, even though 
an inter-stage matching circuit existing in the input-side direction 
from the final inter-stage matching circuit 26 does not have both the 
one-stage high pass filter type matching unit 28 and the one-stage 
low pass filter type matching unit 29, the same effect as that of the 

15 first embodiment can be obtained in the multistage amplifier having 
three stages or more. 

Therefore, because a small-sized matching circuit such as a 
one-stage low pass filter type matching unit can be used as an 
inter-stage matching circuit existing in the input-side direction 

2 0 from the final inter-stage matching circuit 26, a small-sized 
multistage amplifier can be obtained. 

EMBODIMENT 2 

Fig. 6 is a view of an equivalent circuit of a multistage amplifier 

2 5 according to a second embodiment of the present invention. In Fig. 

6, the constituent elements, which are the same as or equivalent to 
those shown in Fig. 3, are indicated by the same reference numerals 
as those of the constituent elements shown in Fig. 3, and additional 
description of those constituent elements is omitted. 

3 0 41 indicates an inter-stage matching circuit for performing an 
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impedance matching between the front-stage amplifying element 23 and 
the rear-stage amplifying element 24. 42 indicates a one-stage low 
pass filter type matching unit of the inter-stage matching circuit 
41. 43 indicates a one-stage high pass filter type matching unit of 
5 the inter-stage matching circuit 41. 

44 indicates a parallel capacitor of the one-stage low pass filter 
type matching unit 42. 45 indicates a serial inductor of the one- 
stage low pass filter type matching unit 42. 46 indicates a parallel 
inductor of the one-stage high pass filter type matching unit 43. 47 
10 indicates a serial capacitor of the one-stage high pass filter type 
matching unit 43. 

Next, an operation of the multistage amplifier will be described 
below. 

In the first embodiment/ the inter-stage matching circuit 26 
1 5 comprises the one-stage high pass filter type matching unit 28 arranged 
on the input side and the one-stage low pass filter type matching unit 
29 arranged on the output side. However, in the second embodiment, 
the inter-stage matching circuit 41 comprises the one-stage low pass 
filter type matching unit 42 arranged on the input side and the 
2 0 one-stage high pass filter type matching unit 43 arranged on the output 
side. The inter-stage matching circuit 41 will be described below in 
detail. 

An output load impedance T out of the front-stage amplifying element 
23 and an input source impedance r in of the rear-stage amplifying 

2 5 element 24 are shown in Fig. 7 in cases where the inter-stage matching 

circuit 41 comprising the one-stage low pass filter type matching unit 
42 and the one-stage high pass filter type matching unit 43 is used 
for the multistage amplifier. 
In Fig. 7(a) and Fig. 7(b), impedances designated by symbols ♦ 

3 0 indicate the conjugate complex impedance S Y _ FET * of the output impedance 
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of the front-stage amplifying element 23 and the conjugate complex 
impedance S^^* of the input impedance of the rear-stage amplifying 
element 24 respectively, an area enclosed by a dotted circle in Fig. 
7 (a) indicates a neighboring area of the optimum output load impedance 
5 r opt _ out shown in Fig. 4(a), and an area enclosed by a dotted circle 
in Fig. 7 (b) indicates a neighboring area of the optimum input source 

impedance r opt _ in shown in Fig. 4(b) . 

Here, in cases where the inter-stage matching circuit 41 comprising 
the one-stage low pass filter type matching unit 42 and the one-stage 
10 high pass filter type matching unit 43 is used for the multistage 
amplifier, the output load impedance T out of the front-stage amplifying 
element 23 is examined when the input source impedance T in of the 
rear-stage amplifying element 24 is matched with an impedance 

differing from the conjugate complex impedance S X _ FET * of the input 
15 impedance of the rear-stage amplifying element 24. 

For example, in cases where the inter-stage matching circuit 41 is 
arranged in the multistage amplifier so as to match the input source 
impedance T in of the rear-stage amplifying element 24 with an impedance 
indicated by an ^A" symbol • of Fig. 7 (b) , the output load impedance 

2 0 r out of the front-stage amplifying element 23 is set to an impedance 

indicated by an *A" symbol # of Fig. 7 (a) . 
Also, in the same manner as the example of the impedance indicated 

by the *A" symbol •, the output load impedance r out of the front-stage 
amplifying element 23 is set to an impedance indicated by each of the 

25 ^B" to ^H" symbols # of Fig. 7(a) when the input source impedance 
T in of the rear-stage amplifying element 24 is matched with an impedance 
indicated by the corresponding symbol • of Fig. 7 (b) . 

As is described above, when the input source impedance T in of the 
rear-stage amplifying element 24 is matched with the impedance of each 

3 0 of the *A" to *H" symbols • placed on a circle in Fig. 7 (b) , the output 
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load impedance T out of the front-stage amplifying element 23 is set 
to the impedance of the corresponding symbol selected from the "A" 
to *H" symbols • placed on a circle in Fig. 7(a) . In particular, in 
case of the impedance of the 1 B r/ symbol #, as shown in Fig. 5(a) and 
Fig. 5 (b) , the input source impedance r in of the rear-stage amplifying 
element 24 is placed in the neighboring area of the optimum input source 
impedance r opt _ in of the rear-stage amplifying element 24, and the output 
load impedance r out of the front-stage amplifying element 23 is placed 
in the neighboring area of the optimum output load impedance 

r opt _put of the front-stage amplifying element 23. 

Accordingly, in cases where the inter-stage matching circuit 41 
comprises the one-stage low pass filter type matching unit 42 and the 
one-stage high pass filter type matching unit 43, the output load 
impedance T out of the front-stage amplifying element 23 can almost agree 
with the optimum output load impedance r opt _ out , and the input source 
impedance r in of the rear-stage amplifying element 24 can almost agree 
with the optimum input source impedance r opt _ in . 

Therefore, because an inter- stage matching condition of the 
multistage amplifier can be further optimized, the efficiency of the 
whole multistage amplifier can be heightened. 

EMBODIMENT 3 

Fig. 8 is a view of an equivalent circuit of a multistage amplifier 
according to a third embodiment of the present invention. In Fig. 8, 
the constituent elements, which are the same as or equivalent to those 
shown in Fig. 3, are indicated by the same reference numerals as those 
of the constituent elements shown in Fig. 3, and additional description 
of those constituent elements is omitted. 

51 indicates a bias supply short stub of the one-stage high pass 
filter type matching unit 28. A length of the bias supply short stub 
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51 is equal to or shorter than 1/4 of a wavelength of the signal. 52 
indicates a serial line of the one-stage low pass filter type matching 
unit 29. 

Next, an operation of the multistage amplifier will be described 
below. 

In the first embodiment, the one-stage high pass filter type matching 
unit 28 comprises the parallel inductor 31 and the serial capacitor 
32, and the one-stage low pass filter type matching unit 29 comprises 
the parallel capacitor 33 and the serial inductor 34. However, in the 
third embodiment, the one- stage high pass filter type matching unit 
28 comprises the bias supply short stub 51 having the length equal 
to or shorter than 1/4 of the wavelength of the signal in place of 
the parallel inductor 31, and the one-stage low pass filter type 
matching unit 29 comprises the serial line 52 in place of the serial 
inductor 34. 

In cases where a parallel short stub has a length equal to or shorter 
than 1/4 of the wavelength of the signal, the parallel short stub has 
the same electric characteristic as that of a parallel inductor. Also, 
a serial line has the same electric characteristic as that of a serial 
inductor. 

Accordingly, because the inter-stage matching circuit 26 of the 
multistage amplifier comprises the one-stage high pass filter type 
matching unit 28 having the bias supply short stub 51 and the one-stage 
low pass filter type matching unit 29 having the serial line 52, the 
output load impedance T out of the front-stage amplifying element 23 
can almost agree with the optimum output load impedance r opt _ out , and 
the input source impedance r in of the rear-stage amplifying element 
24 can almost agree with the optimum input source impedance r opt _ in . 

Therefore, because an inter-stage matching condition of the 
multistage amplifier can be further optimized, the efficiency of the 
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whole multistage amplifier can be heightened. 

Also, because the one-stage high pass filter type matching unit 28 
comprises the bias supply short stub 51 having the length equal to 
or shorter than 1/4 of the wavelength of the signal in place of the 
5 parallel inductor 31, the bias supply short stub 51 can be used as 
a bias supply line placed on the output side of the front-stage 
amplifying element 23. Therefore, a small-sized multistage amplifier 
can be obtained. 

10 EMBODIMENT 4 

Fig. 9 is a view of an equivalent circuit of a multistage amplifier 

according to a fourth embodiment of the present invention. In Fig. 

9, the constituent elements, which are the same as or equivalent to 

those shown in Fig. 6, are indicated by the same reference numerals 
15 as those of the constituent elements shown in Fig. 6, and additional 

description of those constituent elements is omitted. 

61 indicates a serial line of the one-stage low pass filter type 

matching unit 42 . 62 indicates a bias supply short stub of the one-stage 

high pass filter type matching unit 43. A length of the bias supply 
2 0 short stub 62 is equal to or shorter than 1/4 of the wavelength of 

the signal . 

Next, an operation of the multistage amplifier will be described 
below. 

In the second embodiment, the one-stage low pass filter type matching 

2 5 unit 42 comprises the parallel capacitor 44 and the serial inductor 

45, and the one-stage high pass filter type matching unit 43 comprises 
the parallel inductor 46 and the serial capacitor 47. However, in the 
fourth embodiment, the one-stage low pass filter type matching unit 
42 comprises the serial line 61 in place of the serial inductor 45, 

3 0 and the one-stage high pass filter type matching unit 43 comprises 
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the bias supply short stub 62 having the length equal to or shorter 
than 1/4 of the wavelength of the signal in place of the parallel 
inductor 46. 

A serial line has the same electric characteristic as that of a serial 
5 inductor. Also, in cases where a parallel short stub has a length equal 
to or shorter than 1/4 of a wavelength of a signal, the parallel short 
stub has the same electric characteristic as that of a parallel 
inductor . 

Accordingly, because the inter-stage matching circuit 26 of the 
10 multistage amplifier comprises the one-stage low pass filter type 
matching unit 42 having the serial line 61 and the one-stage high pass 
filter type matching unit 43 having the bias supply short stub 62, 
the output load impedance r out of the front-stage amplifying element 

23 can almost agree with the optimum output load impedance r opt _ out , and 
15 the input source impedance r in of the rear-stage amplifying element 

24 can almost agree with the optimum input source impedance r^^. 
Therefore, because an inter-stage matching condition of the 

multistage amplifier can be further optimized, the efficiency of the 
whole multistage amplifier can be heightened. 

2 0 Also, because the one-stage high pass filter type matching unit 43 
comprises the bias supply short stub 62 having the length equal to 
or shorter than 1/4 of the wavelength of the signal in place of the 
parallel inductor 46, the bias supply short stub 62 can be used as 
a bias supply line placed on the output side of the front-stage 

2 5 amplifying element 23. Therefore, a small-sized multistage amplifier 
can be obtained. 
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INDUSTRIAL APPLICABILITY 

As is described above, in cases where satellite communication, 
terrestrial microwave communication or mobile communication is 
performed, the multistage amplifier according to the present 
invention is appropriate to amplify a transmission signal or a 
receiving signal . 
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WHAT IS CLAIMED IS: 

1. A multistage amplifier , comprising: 

a plurality of amplifying elements for amplifying an input signal 
stage by stage and outputting an amplified signal; and 
5 a matching circuit, arranged between each pair of amplifying elements 
adjacent to each other , for performing an impedance matching between 
the pair of amplifying elements, 

characterized in that one matching circuit comprises: 
a one-stage high pass filter type matching unit; and 
10 a one-stage low pass filter type matching unit serially connected 
with the one-stage high pass filter type matching unit. 

2. A multistage amplifier according to claim 1, wherein the matching 
circuit arranged between the final-stage amplifying element and the 

15 amplifying element placed just before the final-stage amplifying 
element comprises the one-stage high pass filter type matching unit 
and the one-stage low pass filter type matching unit serially connected 
with each other, 

2 0 3. A multistage amplifier according to claim 1, wherein the one- 
stage high pass filter type matching unit is placed on an input side 
of the input signal, and the one-stage low pass filter type matching 
unit is placed on an output side of the amplified signal, 

2 5 4, A multistage amplifier according to claim 1, wherein the one- 

stage low pass filter type matching unit is placed on an input side 
of the input signal, and the one-stage high pass filter type matching 
unit is placed on an output side of the amplified signal. 

3 0 5. A multistage amplifier according to claim 1, wherein the one- 
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stage high pass filter type matching unit comprises a parallel inductor 
and a serial capacitor. 

6. A multistage amplifier according to claim 5, wherein a bias supply 
5 short stub having a length equal to or shorter than 1/4 of a wavelength 

of the input signal is used as the parallel inductor. 

7. A multistage amplifier according to claim 1, wherein the one- 
stage low pass filter type matching unit comprises a parallel capacitor 

10 and a serial inductor. 



8. A multistage amplifier according to claim 7, wherein a serial line 
is used as the serial inductor. 
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ABSTRACT OF THE DISCLOSURE 

An inter-stage matching circuit 26 comprises a one-stage high pass 
filter type matching unit 28 and a one-stage low pass filter type 
matching unit 29 serially connected with each other. 
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_^ Shintarou SH1NJO 




Second inventor's signature / Date 

aX^J^jt J>JU*ib- 21 > 2001 




Resident* < — ■~"'V\ f 

Tokyo, Japan \ Y\ 


as 


Citizenship ' 

Japanese 




Post Office Address 

do MITSUBISHI DENKI KABUSHIKI KAISHA 


2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Japan 



(Supply similar information and signature tor third and subsequent 
joint inventors.) 
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Full name of third joint inventor, if any, 

II 



Third Inventor's signature Date 

August 27, 2001 



Residence , — 7 
Tokyo. Japan j 



Citizenship 
Japanese 



Post Office Address 

c/o MITSUBISHI DENK3 KAEUSHIKI KAISHA 



2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Jauan 



.. <Ja^ari 

namsiof foi_^joint inventor, if any, 



Full 

„ Yukio T K FDA 



Fourth Inventor's signature 



Date 

August 27, 2001 



Residence 

Tokyo, Japan ^ 



Citizenship 
Japanese 



Post Office Address 

c/o MITSUBISHI DENKI KABUSHIKI KAISHA 



2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Japan 



Full name pf fifth joint inventor, if any, 



Fifth Inventor's signature 



Date 



Residence 



Citizenship 



Post Office Address 
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